Abstract This review summarizes the evidence -both current and from an historic perspective -that many processed foods, specifically those in which the palatability has been enhanced with sugar, fat, and salt, have addictive properties similar to drugs such as nicotine, alcohol, and stimulants. The addictive potential of these foods thereby adds to a growing acceptance of 'food addiction' as a viable clinical entity and an important area for further investigation. The evidence that some cases of binge eating disorder can best be conceptualized as a food addiction also has important treatment implications for those suffering from compulsive overeating. This review also discusses the utility of interventions such as motivational interviewing, psychoeducational programs focused on the neurobiologic aspects of excessive consumption of hyper-palatable foods, and the development of cognitive behavioral strategies to increase an individual's ability to tolerate food cravings as temporary states, and better inhibit urges to overeat.
Introduction
Not until the late 19th century did the term addiction enter the lexicon used to describe excessive use of inebriating substances 1 . At that time, it mostly described a dependence on drugs other than alcohol [2] . Interestingly, the first use of the word addiction in the Quarterly Journal of Inebriety [QJI], the original addiction-medicine journal, appeared in 1890 in reference to chocolate [2] . Since then, the notion that certain foods have addictive properties has had a long, albeit somewhat inconsistent and interrupted, history. Several early allusions to the addictive properties of "stimulating" foods were found in other 19th century issues of QJI:
"It is a fact that some foods are more stimulating to the brain cortex than others, e.g. strong beef tea than milk, flesh than bread … If from childhood … a brain has depended on stimulating diet and drink for its restoration when exhausted, there is an intense and irresistible craving set up for such food and drink stimulants whenever there is fatigue. Such a brain has developed an affinity for them, and for such alone. Milk and farinaceous diet often become repugnant, and when taken do not satisfy the craving. Its owner becomes physiologically a flesh-eater and an alcohol-drinker" [3 pg. 207 ].
And, "If we now look at the effects of the nerve stimulants nearest food, viz., tea and coffee and cocoa: the custom of taking these for the dissipation of the feeling of exhaustion sets up in brains of the keenly-working but unstable type a commanding craving and a dominant impulse in many cases. The chemical constitution of all such substances has an affinity for the highest centers in the brain, stimulating and soothing some of them in a very subtle way, most delightful to the consciousness of their owners" [3 pg. 208 ].
The seductive allure of chocolate has a centuries-old legacy beginning with the discovery of cocoa seeds in Mayan Central America, to their cultivation in Africa, followed by its production -after being suitably sweetened with sugar -and eventual introduction into European culture as a novel and fascinating consumer product [4] . Undoubtedly, chocolate has been one of the most celebrated foods since its initial popularity in the 17th century when it was variously promoted as "medicinal, excitingly foreign, and pleasurable" and "strongly associated with leisure and decadence" [5 pg. 27 ]. It was not, however, until the latter half of the 20th century that chocolate became an emerging, although relatively short-lived, focus in human addiction-related research. For instance, among selfproclaimed "chocoholics", there was considerable agreement that this confection is habit forming, elicits frequent and pronounced cravings, produces strong and immediate feelings of well-being, and that during periods of abstinence there are pronounced symptoms of withdrawal [6, 7] . It was also during this time period that self-help organizations began to appear, based on the 12-step program developed for Alcoholics Anonymous, to aid those with compulsive patterns of overeating in response to foods such as chocolate -reinforcing the view, at least among the general public, that hyper-palatable foods have addictive properties, and that for some individuals, overeating can be an addictive behavior. Overeaters Anonymous was established as early as 1960, with Compulsive Eaters Anonymous and Food Addicts Anonymous following a few decades later in 1985 and 1987, respectively.
By the end of the century, it was recognized that chocolate contained special properties, in addition to its hedonic appeal (i.e., the texture, palatability, and aroma), that evoked responses and compulsive behaviors similar to those elicited by other addictive substances. In susceptible individuals, the psychoactive ingredients in chocolate (methylxanthines, biogenic amines, and cannabinoid-like fatty acids) were thought to regulate mood by increasing levels of serotonin and dopamine [8] . Such recognition prompted a handful of studies comparing "Chocolate Addicts" to control participants on addiction-related affective and physiologic responses to chocolate consumption, and chocolate-related cues. For instance, the Chocolate Addicts demonstrated greater arousal, more pronounced cravings, more negative affect, and consumed more chocolate than controls [9] . They also demonstrated more aberrant eating behaviors and attitudes in general. Such findings led to the conclusion that excessive motivation for, and consumption of, chocolate could be considered a valid clinical parallel with addiction in general. As is the case today, however, this viewpoint was not without its detractors at the time [10] .
Current Investigations
The provision of further evidence for the addictive quality of some foods can be largely credited to the so-called obesity 'epidemic' with its considerable economic burden on a global scale [11, 12] . At the beginning of the 21st century, there was a great increase in obesity research worldwide. There was also a noticeable shift from earlier studies that had focused on health-related consequences of obesity, to a new emphasis on the causal factors leading to obesity. Several important technologic advances gave rise to this burgeoning field of research including the Human Genome Project, and the development of sophisticated brain-imaging techniques [13••] for a review]. During this time, scientists, healthcare professionals, and political advocates also began to expose the dramatic changes that had taken place in the food environment, and to draw attention to the food and beverage industry's powerful contribution to poor nutritional habits. In little more than a generation, highly processed foods laced with added sugars, fats, and salt had proliferated in the grocery aisles [14, 15] . In a recent publication, we demonstrated the impact of this new field of 'food science' by showing the steeply exponential rise in scientific publications related to "food addiction" from 2008 to the present, which followed a relatively barren period of such research in the earlier part of the decade [16••] .
The recent compelling, and non-subjective, evidence of the addictive properties of hyper-palatable foods has come largely from well-controlled and replicated animal models and from human brain-imaging studies.
Preclinical Research
Experimental studies with rats and mice have demonstrated conclusively that when rodents are chronically exposed to sugar solutions, they display neuropharmacologic and behavioral effects similar to those fostered by many drugs of abuse including physical and behavioral signs of withdrawal, cravings (as indicated by increased motivation to acquire sugar after abstinence), cross-sensitization to other drugs, and enhancement of dopamine in the nucleus accumbens. Several comprehensive reviews have summarized this important body of work [17••, 18, 19] . A recent study has extended this research to planarians -the earliest-evolved animal with a central nervous system -and found that sucrose also produced withdrawal responses and reinforcing effects in an invertebrate animal, suggesting that the rewarding consequences of sweeteners are highly conserved across species [20] . Furthermore, in a persuasive series of related experiments, rats who were offered a choice between sucrose (or saccharin) and cocaine self-administration, developed a strong and persistent preference for the former [21•] . In addition, these studies provide strong evidence that sugar reward is more robust and sustainable than cocaine reward, as indicated by its resistance to various genetic, pharmacologic, and neurobiologic interventions [21•] .
Preclinical research has also investigated the biobehavioral effects of fatty foods. After a 12-week exposure, rats fed a palatable high-fat diet demonstrated more anxiety-and depressive-like behaviors compared with those on an ingredient-matched low-fat diet [22] , and their corticosterone levels were significantly elevated after acute restraint stress. This study also identified neural adaptations that may promote depressive behavior via reduced dopamine tone in the mesolimbic brain pathway. Similarly, other rodent studies have demonstrated down-regulation of dopamine receptor densities in rodents after long-term exposure to highly palatable foods [23] , as well as significantly reduced dopamine levels in the nucleus accumbens -as assessed by microdialysis procedures -after 5-day exposure to a high-fat diet in obese-prone rats compared with their obese-resistant counterparts [24] .
Human Neuroscience Research
Neuroimaging studies have demonstrated convincingly that in many individuals -especially those prone to binge eating and obesity -highly palatable food elicits regional brain and behavioral responses similar to those produced by drugs of abuse [25, 26] . For example, in response to food stimulation, those with a binge eating disorder (BED) released more striatal dopamine than their non-bingeing counterparts [27] . Using magnetic resonance imaging (MRI) procedures, a high glycemic-index test meal also produced significantly greater brain activity in the right nucleus accumbens in obese individuals compared with a low glycemic-index meal [28] .
Brain imaging research has also provided good evidence that palatable food cues elicit the same hyper-reactive response in the reward circuitry as drug-related cues [29] [30] [31] , and that great variation exists in the magnitude of these responses across individuals [32] . Much of the neuroimaging work has focused on functioning in prefrontal cortical regions and its modulation of mesolimbic addictive responses to food. A recent meta-analysis of functional MRI studies found that the prefrontal areas linked to cognitive evaluation processes (e.g., of rewarding stimuli) were most consistently activated in response to food images, and these responses were strongest in those with obesity [33] . By contrast, prefrontal regions associated with cognitive control showed reduced activation.
A Feed-Forward Process of Pathology
In summary, while highly processed foods do not produce the inebriation caused by alcohol, or the euphoria one can experience from certain stimulant drugs such as cocaine, there are nevertheless pronounced similarities with conventional addictive drugs [16••] . For instance, both have the capability of triggering cravings [34, 35] . Some believe that cravings for sweet and fatty foods likely evolved to enhance human energy intake in environments where energy sources were either scare or unpredictable [36] . Both addictive drugs and hyperpalatable foods are also associated with compulsive consumption, even when the consequences are knowingly dire, and with the inability to cut down [37] . While the parallels are indeed impressive, there is also good evidence that neural responses to hyper-palatable food are more widespread than they are to addictive drugs -especially in medial temporal and superior frontal regions functionally connected to the dorsal striatum [38] .
Similar to the downwardly spiraling process of drug addiction, "potentially circular relationships" can be described among the intake of high sugar/fat/salty foods, overeating, and obesity [39] . Excessive stimulation of a core mechanism of human survival -the brain's common reward pathwaydiminishes our ability to function with a well-regulated capacity for reason, and with the ability to make adaptive decisions in life. In turn, the effects of tolerance and reduced inhibitory control from excessive food intake may prompt more frequent and more prodigious consumption, fostering an interdependent series of behaviors that become more severe and more compulsive over time. It is also well established -as with drugs of abuse -that biologically-based individual differences shape our responses to food from a very early age, and interact importantly with environmental factors, indeed even in utero events, to determine our risk for overeating [13••] .
Finding appropriate treatment and restorative measures for individuals who suffer from pathologic overeating is an important translational aspect of this field of research. Developing behavioral strategies that recognize changes in motivation as a consequence of extreme food consumption are particularly important for many reasons, not least of which are because the consequent brain neuro-adaptations increase the likelihood of using and abusing other addictive substances [40] . From a treatment perspective, we have recently learned of the importance of taking account of seasonal variation in the symptoms of binge eating and addictive behaviors to provide appropriate coping strategies for those who have pronounced negative changes in mood and behavior during the dark months of the year [41] .
Treatment Considerations
For clinicians working with individuals who present with compulsive overeating symptoms, it may be useful to consider the treatment implications of the neurobiologic and behavioral parallels between addictive disorders and compulsive overeating [42] . There are currently no empirically supported guidelines for the treatment of "food addiction". There is, however, considerable empirical support for the efficacy of cognitive behavioral therapy (CBT) in the treatment of both BED, a disorder characterized by compulsive overeating, and addiction disorders [43] [44] [45] . Indeed, the CBT approach for BED, and the CBT approach for substance abuse, share many similar features including identifying triggers for problem behaviors, developing alternative/distracting behaviors for managing urges, moderating dichotomous thinking, and relapse prevention strategies [46] [47] [48] . More recently, motivational interviewing, an approach originally used to enhance motivation for change in substance use disorders, has shown some success in improving outcome in BED [49] .
The following treatment considerations are meant to address features of food addiction among overweight individuals presenting with symptoms of binge eating, including intense food cravings, difficulties with inhibitory control, and emotionally-driven overeating. They are not, however, intended for patients with bulimia nervosa (BN) or anorexia nervosa (AN). Although binge eating is a core feature of BN and occurs in about half of the cases of AN, the binge eating typically occurs in the context of strict dieting and normal or low weight among people with AN and BN. This is in stark contrast with the clinical presentation of people with BED who typically overeat and binge eat in the absence of food deprivation, and are usually overweight or obese [47] . As discussed by Wilson [50] , BN and AN require a different treatment approach that has been well described and empirically validated, an approach that requires reduced dietary restraint and/or restriction [51, 52] . Because individuals with BED do not report elevated dietary restraint or restriction between binge episodes, a different approach is required.
As reviewed earlier in this paper, there is growing evidence that certain types of highly processed foods or certain ingredients in these foods appear to "hijack" the brain of vulnerable individuals in a manner similar to addictive drugs [53] . Typically, it is these types of foods that are consumed during binge episodes among people with compulsive overeating problems. Of course, not everyone with BED meets criteria for food addiction and not everyone with food addiction meets criteria for BED. However, given the behavioral and neurobiologic similarities between drug addiction and excess consumption of hyper-palatable, highly processed foods, integrating an addiction perspective into current treatments for compulsive overeating is likely to prove helpful.
Regarding the treatment of obesity, compulsive overeating is only one factor involved in the etiology of obesity. Approximately half of treatment-seeking obese people meet diagnostic criteria for BED and about half of these meet the Yale Food Addiction Scale (YFAS) criteria for food addiction [54• ]. Gearhardt and colleagues [55] have convincingly argued that the application of public health policies, which have been successfully used to control the availability and use of addictive drugs, should be applied to control addictive foods. However, successful implementation of a public-health approach to "food addiction" is likely to involve a lengthy process and such efforts do not obviate the need to develop effective individual treatment strategies.
Psychoeducation
People who suffer from compulsive overeating problems are often highly self-critical and report high levels of shame related to their disordered-eating behaviors [56] . Providing psychoeducation about the neurobiologic and behavioral parallels between addiction disorders and compulsive overeating may be helpful. Understanding that they may be fighting a strong neurobiologic drive to overeat in an environment that exploits these vulnerabilities could foster a therapeutic sense of self-compassion. It may also help them accept that treatment is likely to involve enduring efforts to resist urges to overeat and to prevent relapse.
Managing Food Cravings and Difficulties with Inhibitory Control
A core feature of food addiction among overweight individuals with BED is intense food cravings in response to various conditioned cues and strong corresponding urges to overeat despite being sufficiently nourished and, in most cases, overweight or obese [57] . Such individuals report food preoccupation in the absence of food deprivation, and exhibit strong physiologic responses to anticipatory food cues, including thoughts or images of food [58•] . This process is akin to the development of withdrawal symptoms in drug addiction. Thus, to interrupt compulsive-overeating symptoms, individuals with food-addiction symptoms need to develop strategies to increase their ability to sit with food cravings and inhibit urges to overeat. A strategy adapted from Marlatt and Gordon's [59] addiction-treatment manual can be helpful in achieving this goal. This strategy involves employing acceptance-oriented imagery to cope with urges, termed "urge-surfing", to teach clients that cravings will subside if not acted upon. A recent study found evidence that a brief guided-imagery intervention designed to interrupt elaboration of involuntary food thoughts was associated with reduced food cravings [60] . Similarly, mindfulness-skills training may be helpful for increasing a detached awareness of food cravings and urges to overeat [61] . In addition, distresstolerance skills training -designed to help suffers tolerate food cravings and inhibit urges to overeat impulsively in response to food cravings -is likely to be of central importance in the treatment of food addiction [61] . Another potentially helpful strategy, adopted from substance-abuse treatment, is cue exposure with response prevention [62] . Treatment consists of repeated exposure to conditioned food cues, but eating (the response) is prevented. There is evidence from various small-scale studies that this approach results in reduced cravings and urges among binge eaters [62] .
Pharmacotherapy represents another promising avenue for the development of novel treatments for food addiction. There are several medications available for each of the major classes of addictive drugs which, in conjunction with psychosocial interventions, have been shown to be effective in reducing the likelihood of relapse by reducing urges and cravings [63] . An example of an anti-craving medication is naltrexone, which works by blocking opiate receptors that regulate the release of dopamine in the reward pathways [64] . Although some researchers have suggested that naltrexone might be useful in the treatment of BED [65] , placebo-controlled randomized trials have yet to be conducted.
Dealing with Loss of Control
An inability to reduce consumption despite a strong desire to do so and despite negative consequences is a hallmark of both compulsive overeating and addiction. In drug dependence, loss of control is indicated by the frequent consumption of a substance in larger quantities or over longer periods of time than intended [2] . In BED, loss of control is part of the definition of a binge and refers to a sense that one cannot control what or how much one is eating [2] . According to Volkow and Wise [66] , the consumption of hyper-palatable, highly processed foods is likely to have a priming effect that can trigger problematic overeating among vulnerable individuals. Encouraging overweight individuals with BED who report symptoms of food addiction to try and avoid hyperpalatable, highly processed foods may help reduce or eliminate the occurrence of this priming effect. Like drug abuse, compulsive overeating is associated with impulsivity and impaired decision making [67] [68] [69] . A strategy, often used in the treatment of drug addiction, aimed at reducing impulsive responding and improving decision-making skills is the use of guided imagery to increase awareness of the likely negative consequences of problematic use [70] .
Addressing Emotionally Driven Food Consumption
People with BED and food addiction report higher levels of depression, and emotion dysregulation than people with BED who do not meet criteria for YFAS food addiction [69] . They also report more severe and more frequent episodes of binge eating, food cravings, emotionally driven eating, addictive personality traits, and impulsive behaviors, prompting the conclusion that co-morbid food addiction reflects a more severe and more compulsive form of BED [13••] . The rewarding effects of hyper-palatable food may be used to increase positive feelings or sensations and to modulate negative emotions [71] . For instance, Udo, Grilo, and Brownell [72] have shown that negative mood states in combination with food cravings reduced the ability of obese individuals to resist eating high-calorie foods. Therefore, the development of emotion-regulation skills, as discussed by Chen and Safer [61] , is likely to play an important role in the effective treatment of compulsive overeating.
Enhancing and Maintaining Motivation to Change
Another challenge common to the treatment of both addictive disorders and compulsive overeating is enhancing and maintaining motivation to change. Motivational interviewing (MI) is a person-centered counseling style that grew out of the recognition that individuals with addictive disorders are often ambivalent about change and reluctant to give up their addictive behaviors [73] . The goal of MI is to resolve ambivalence, enhance motivation to change, and improve treatment outcome. This approach has been applied to other clinical populations including BED with promising results [49] . Anecdotally, individuals with compulsive-overeating problems commonly report that they find it difficult to remain committed to abstaining from overeating when they are experiencing intense cravings. This is likely to be related to an interaction between the widespread neural changes associated with excessive consumption of hyper-palatable, highly processed foods and the challenges inherent in interrupting deeply ingrained learned habits [38] . Thus, motivational-enhancement strategies, designed to maintain abstinence from overeating during the moment-to-moment challenge of coping with intense cravings, is an important aspect of treatment for foodaddiction symptoms among overweight individuals presenting with BED.
Conclusion
In summary, the compelling neurobiologic and behavioral parallels between compulsive overeating and conventional drug addiction suggest that integrating an addiction perspective into current treatments for compulsive overeating is likely to prove helpful. In this paper, we reviewed the evidence that processed foods high in sugar, fat, and salt have the potential to cause a state of dependence in certain susceptible individuals, and to foster excessive consumption with the feeling of loss of control. We also discuss possible treatment strategies to address features of food addiction among overweight individuals presenting with BED including intense food cravings, difficulties with inhibitory control, loss of control over eating, emotionally driven overeating, and maintaining motivation to change.
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